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Abstract: Previous magnetostratigraphic studies focused in the Eocene successions of the eastern Ebro 
Basin have provided some absolute age for the basin infill. These results were based on some 
biostratigraphic constraints wich have been recently challenged. Our new results from the approximately 
3000 m thick Montserrat and Maians-Rubió magnetostratigraphic sections have been integrated into the 
both marine and continental biochronology data, providing a more independent chronology. The resulting 
absolute chronology of the Montserrat-Rubió composite section represents about 10 My, covering the 
Lutetian to Rupelian (approximately 40.7 to 30.5 Ma). This leads to the re-evaluation of the age of the La 
Salut Fm. (Lutetian to Bartonian) and the Montserrat conglomerates (Bartonian to Priabonian). The last 
marine regression in the central part of the SE margin of the Ebro Basin yields an approximate age of 
about 36.0 Ma (Priabonian). 
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Resumen: Estudios magnetoestratigráficos previos centrados en el Eoceno del sector oriental de la 
Cuenca del Ebro han proporcionado edades absolutas para el relleno sedimentario de la cuenca. Estos 
resultados magnetoestratigráficos están basados en anclajes bioestratigráficos que han sido 
cuestionados recientemente. En este trabajo se presenta el estudio magnetoestratigráfico de las secciones 
de Montserrat y Maians-Rubió. La sección compuesta, de unos 3000 m de potencia, se ha integrado con 
los nuevos datos bioestratigráficos disponibles de los registros marino y continental, obteniendo una 
cronología más independiente. La nueva cronología absoluta resultante representa unos 10 millones de 
años cubriendo desde el Luteciense al Rupeliense (aproximadamente 40.7-30.5 Ma.). Esto lleva a revisar 
las edades de la Formación de La Salut (Luteciense-Bartoniense) y de los conglomerados de Montserrat 
(Bartoniense-Priaboniense). La última regresión marina en el sector oriental de la Cuenca del Ebro se 
puede datar en una edad aproximada de 36.0 Ma (Priaboniense). 
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INTRODUCTION 
 
 The Ebro Basin (NE Iberian Peninsula) is a 
triangular shaped basin surrounded by three alpine 
ranges: the Pyrenees to the north, the Iberian Range to 
the SW and the Catalan Coastal Range to the SE. This 
basin represents the latest evolutionary stage of the 
South-Pyrenean Foreland Basin, which evolved from 
Late Cretaceous to Miocene times by flexural 
subsidence related to the growth of its margins because 
of the continental collision between the Iberian and 
European plates. 
 
 The Ebro Basin infill includes marine and 
continental sediments that are Paleocene to Middle 
Miocene in age. Connection of the basin with the open 
sea was maintained until late Eocene, when ongoing 
convergence along the Pyrenean margin led to the final 
closure of its western connection with the Atlantic 
Ocean. Restriction of the marine conditions during the 
late Eocene led to the deposition of evaporites (Òdena 
and Cardona Formation). Since then, a long endorheic 
period of uninterrupted continental sedimentation led to 
the accumulation of a thick sequence composed by 
alluvial and lacustrine deposits. 
 
 Previous magnetostratigraphic studies focused in the 
Eocene successions of the eastern Ebro Basin have 
already provided some absolute age constrains (Burbank 
et al., 1992a; Burbank et al., 1992b; López-Blanco et 
al., 2000; Taberner et al., 1999) for the deposition of the 
Eocene succession. These studies based most of their 
conclusions in some biostratigraphic constraints wich 
have been recently challenged (Cascella and Dinarès-
Turell, in press). In order to solve these uncertainties we 
present 2 new composite magnetostratigraphic sections 
from the central part of the SE margin of the Ebro 
Basin, Montserrat and Maians-Rubió sections (See 
Figures 1 and 2). Our goal is to provide a more 
independent chronology by means of integration of a 
magnetostratigraphic record of approximately 3000 m 
that encompasses from middle Eocene to early 
Oligocene and puts together both marine and 
continental biochronology. 
 
 
  
 
FIGURE 1. Geological map of the central SE margin of the Ebro basin in the Montserrat-Rubió area. (From López-Blanco, 1996; López-Blanco et 
al., 2000; Peón and Alonso, 1973 and own recent field data). 
 
 
 
FIGURE 2. Lithostratigraphy, chronostratigraphy and depositional 
enviroments of the Paleogene of the central part of the SE margin of 
the Ebro Basin (no vertical scale). The sampled sections are shown in 
white. The location of the Bartonian lower and upper boundaries 
resulting from the present study are shown in bold continuous line. 1: 
Proximal alluvial. 2: Distal alluvial and lacustrine. 3: Coastal. 4. 
Offshore. 5: Reef and platform carbonates. 6: Evaporites.7: Erosional 
gap related to syntectonic unconformities. (Modified from Anadón et 
al., 1985 and López-Blanco et al., 2000) 
 
 
 The stratigraphic record of the Montserrat section 
includes the La Salut sandstone Formation and the 
Montserrat conglomerates. The La Salut formation 
consists of red sandstones with intercalated mudstones, 
siltstones and conglomerates that gradually pass 
upwards into the Montserrat conglomerates. This 
conglomeratic unit grade laterally first into distal 
alluvial sandstones and mudstones and then to coastal 
and marine deposits of the Santa Maria Group (see 
Figure 2). 
 
The Maians –Rubió section includes the Artés 
formation which consists of red alluvial and fluvial beds 
with some interbeded lacustrine limestones. As can be 
seen in figure 2 the Artés formation both passes laterally 
into and overlays the marine deposits of the Santa Maria 
Group and the Òdena Formation. 
 
 
METHODOLOGY 
 
Approximately 500 magnetostratigraphic levels 
were sampled from 3000 m of sedimentary succession. 
In the Montserrat magnetostratigraphic section 265 
paleomagnetic sites were sampled spanning about 2000 
m in a composite stratigraphic succession obtained from 
three sections: Collbató (CB), Eix Llobregat (EL) and 
Carretera Montserrat (CM). In the Maians-Rubió sector 
240 paleomagnetic sites were collected spanning about 
1000 m in a composite section: Maians (MN) and Rubió 
(RB) (see Figures 1 and 2). 
 
In general two oriented cores per site were taken 
with an electrical portable drill. Samples were oriented 
using a magnetic compass with inclinometer. Sampling 
was focused in mudstone and sandstones and avoided 
coarse-grained lithologies when possible. Although 
unsuitable coarse sediments and conglomerates were 
frequent in the upper part of the Montserrat section, an 
adequate sampling interval of 2 to 10 meters was kept 
for most of the magnetostigraphic sections. 
 
The palaeomagnetic laboratory analysis consisted in 
stepwise thermal demagnetization and subsequent 
measurement of the natural remanent magnetization 
(NRM) at intervals ranging between 50ºC and 10ºC. 
This was carried out on at least one sample per site up to 
a maximum temperature of 680ºC. Remanent 
magnetization was measured in superconducting rock 
magnetometers (2G Entreprises) at the Paleomagnetic 
Laboratories Universitat de Barcelona (Serveis de 
Suport a la Recerca UB-CSIC), “Fort Hoofddijk” 
(Utrecht University, The Netherlands) and Scripps 
Institution of Oceanography (University of California 
San Diego, United Sates of America). Magnetic 
susceptibility was also measured after each 
demagnetization step using a Kappabridge KLY-2 
(Geofizika Brno).  
 
RESULTS 
 
Characteristic Remanent Magnetization (ChRM) 
directions have been calculated from the 
demagnetization diagrams by means of principal 
component analysis (Kirschvink, 1980). 
 
In all the specimens we have recognized a viscous 
magnetization removed by heating to 250-300ºC. Above 
this temperature a ChRM of either normal or reverse 
polarity can be identified (see Figure 3). In most of the 
studied samples this ChRM is related to unblocking 
temperatures of 670-680ºC, characteristic of hematite. 
In some cases an intermediate component with 
unblocking temperatures around 590-620ºC has been 
identified. For these samples the high temperature 
component (620-680ºC) has been considered as the 
ChRM. The predominant magnetic carriers of our 
samples are magnetite and hematite. 
 
 A local magnetic polarity stratigraphy was produced 
after computing the latitude of the virtual geomagnetic 
pole. The local magnetostratigraphic sections have been 
correlated to the GPTS 2004 (Gradstein et al., 2004) 
through consideration of biochronological information 
and regional mapping. Regional lithostratigraphic 
correlations indicate that the Òdena Gypsum (equivalent 
to the Cardona evaporites) stratigraphically overlay the 
Montserrat section (López-Blanco, 1996) and correlate 
to the lower part of the Maians-Rubió section (Figure 
1). Biostratigraphic studies indicate that the “Terminal 
complex” (just below Òdena evaporites) is late 
Bartonian to lower Priabonian in age (Serra-Kiel et al., 
2003), while recent calcareous nanoplàncton data from 
the top marine units in the Vic area have reported 
Priabonian age (Cascella and Dinarès-Turell, in press). 
On the other hand, fossil vertebrate assamblages in the 
continental sediments of the Artés formation yield latest 
Eocene to Oligocene age. Considering this constrains, 
the best fit of our composite magnetostratigraphy with 
the GPTS leads to the correlation of the youngest 
marine sediments and the Cardona Fm. with the chron 
C16n, with an approximate age of about 36.0 Ma 
(Priabonian). These results contrast with previous 
magnetostratigraphic studies which placed the 
deposition of the Cardona evaporites at the lower half of 
the chron C17n.1n (Burbank et al., 1992a; Burbank et 
al., 1992b; Taberner et al., 1999; Lopez-Blanco et al., 
2000). After the anchoring of the last marine sediments 
to the chron C16n, the age of the Montserrat 
conglomerates (and lateral equivalents) is attributed to 
chrons C18r to C16n (Bartonian to lower Priabonian). 
In our proposal, the top of La Salut formation, 
corresponds to the chron C18r (Bartonian). This new 
age differs from López-Blanco et al. (2000) who 
considered La Salut Lutetian in age by attributing its top 
to the reversed part of chron C19. Anadón (1978) based 
on charophyta data attributed to the La Salut Fm. a 
Cuisian-Lutetian age. This formation probably includes 
the lowermost Bartonian and also Lutetian strata. 
 
 
 
FIGURE 3. Equal-area stereonets of the demagnetized data for the 
Montserrat and Maians-Rubió sections. Ellipses represent 95% 
confidence cones on the mean directions. No significant vertival axis 
rotations are observed. The statistical data related to the mean 
directions of  each section are shown in Table I. 
 
Section Polarity N Dec Inc k a95 
Montserrat       
 Reverse 67 202.9 -36.3 6.1 7.7 
 Normal 81 355.5 56 11.4 4.9 
Maians-Rubió       
 Reverse 85 191.2 -34.4 5.7 7.1 
 Normal 82 6.4 39.9 3.8 9.3 
 
TABLE I. Mean directions on magnetic data for the Montserrat and 
Maians-Rubió sections. 
 
CONCLUSION 
 
 The resulting absolute chronology implies that the 
composite section of the Montserrat-Rubió represents 
about 10 My, covering from Lutetian to Rupelian 
(approximately 40.7 to 30.5 Ma). According to this new 
chronology, the base and top of the Bartonian are 
located in stratigraphic positions lower than in previous 
studies. This has led us to re-evaluate the age 
attributions for the La Salut Fm. (Lutetian to Bartonian) 
and the Montserrat conglomerates (Bartonian to 
Priabonian), as well as the chronology of the last marine 
regression in the central part of the SE margin of the 
Ebro Basin (lower Priabonian).  
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